
IJRIT International Journal of Research in Information Technology, Volume 2, Issue 1, January 2014,Pg:104-
114 
 
   

 

Purushottam Kumar         104 
 

International Journal of Research in Information Technology International Journal of Research in Information Technology International Journal of Research in Information Technology International Journal of Research in Information Technology 

(IJRIT)(IJRIT)(IJRIT)(IJRIT)    

    www.ijrit.comwww.ijrit.comwww.ijrit.comwww.ijrit.com                                                                                                                                                                                                            ISSN 2001-5569    

 
An Overview: A Wide Tuning Range Low Phase Noise An Overview: A Wide Tuning Range Low Phase Noise An Overview: A Wide Tuning Range Low Phase Noise An Overview: A Wide Tuning Range Low Phase Noise 

LCLCLCLC----    VCO in CMOS TechnologyVCO in CMOS TechnologyVCO in CMOS TechnologyVCO in CMOS Technology    
    

Purushottam Kumar 
Department of Electronics and Telecommunication 

Govt. College of Engineering Amravati 
Amravati, Maharastra, India 
Mr.P.T.Kumar@gmail.com  

  
 
 

Abstract 
This paper presents an overview to design techniques for a low-voltage LC voltage-controlled oscillator 
(VCO) based on complementary cross- coupled circuit with a wide tuning range and low sensitivity to 
process, voltage, and temperature (PVT) variations. In LC tank VCO, tank resistance is compensated by 
using the MOSFET latch circuit, which play an important role to sustain oscillation. Different tuning 
scheme based on varactor and variable inductor is described.  For wide tuning range, a switched tuning 
scheme is employed coupled with voltage-boosting techniques in a manner that improves the quality factor 
and tuning range of a switched capacitor array. To minimize the design overhead required for a robust 
VCO, an body-biasing technique used, which relaxes the startup constraint and increases the VCO’s 
immunity to PVT variations. 
 
Keywords: Cross-coupled MOS circuit, varactor, variable inductor (VID), process, voltage and 
temperature (PVT) variation, switched tuning, voltage boosting, voltage controlled oscillator (VCO), Phase 
lock loop(PLL) . 
 
 
I. INTRODUCTION 

 
As the market always demands high performance and low-cost products, circuit designers are seeking 

high integration communication devices in cheap CMOS technology. The phase-locked loop frequency 
synthesizer is a critical component in communication devices. It works as a local oscillator for frequency 
translation and channel selection in wireless transceivers and broadband cable tuners. It also plays an 
important role as the clock synthesizer for data converters in the analog-and-digital signal interface. The 
current wireless transceivers involve SiGe bipolar, GaAs and CMOS integrated RF front end and some 
discrete high-performance components. From a cost of technology point of view, the standard CMOS 
process is the cheapest one. A single-chip transceiver with a minimum number of off-chip components is 
preferred to reduce the cost and size of wireless devices, like cellular phones. There are still many 
difficulties in design of radio frequency integrated circuits (RFIC) in CMOS technology, however, in the 
process of integration of RF front-end due to the lack of high-quality components on chip [1]-[2]. To 
design CMOS circuits, many critical design aspects must be considered, such as low phase noise, wide 
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tuning range [5], spur suppression [4], thermal noise cancelling, low-frequency noise reduction on 
MOSFETs, and distortion cancelling techniques [3]. As the CMOS feature size advances to the nanometer 
scale, circuit designs for high linearity, high resolution, and low 1/f  noise are increasingly challenging [4]. 
Being a crucial component in wireless systems, the voltage-controlled oscillator (VCO) influences the 
selection of other active and passive elements for the system. Here active research for low-power low-
voltage voltage-controlled oscillators (VCOs). Although they achieve low phase noise and low power 
consumption, their limited tuning range makes them impractical for use in practical systems. While there 
are several ways to extend the tuning range such as LC tank optimization and a switched tuning scheme, 
they are not appropriate for low-voltage VCOs. For example, reducing the inductance and increasing the 
varactor of an LC tank can increase the tuning range. However, this technique brings about low impedance, 
which, in turn, leads to difficult startup conditions and high power consumption [5].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. The simulated drain current versus (a) the drain voltage and (b) temperature for a PMOS with its source and gate connected to 1.2 V. 
 
 
A CMOS technology approaches to a nanometer scale, the non-idealities, such as variability and leakage 

current, may significantly affect the circuit performances. The process variability leads to the large 
variations to degrade the device matching and performances. It may result in only a few dies on a wafer to 
meet the target performance specifications. The undesired leakage currents also degrade the accuracy and  
resolution of analog circuits and make digital dynamic circuits not to work properly [4]. For a pMOS 
transistor with W/L = 8µm / 0.06µm in a 65-nm process, its source and gate are connected to the supply 
voltage of 1.2 V. Fig. 1(a) shows its simulated drain current versus the drain voltage under different 
corners. The drain current, i.e., leakage current, is 687 nA, 0.12 uA, and 21 uA for the typical, slow-slow, 
and fast-fast corners, respectively, and 40 ºC. The leakage current is highly dependent upon the process 
variations. Fig. 1(b) shows the simulated drain current under different corners and the temperatures with a 
constant VSD = 1.2 V. The leakage current grows very fast in a high temperature environment [5]. The 
leakage current grows very fast in a high temperature environment. It may limit the oscillation frequency 
range of a VCO and causes a VCO not to oscillate in a worst case. To realize a wide-range PLL, the divider 
following a VCO should operate between the highest and lowest frequencies. When a PLL works at a 
higher frequency which the static circuits cannot operate, dynamic circuits are needed. A true-single-phase-
clocking (TSPC) divider is widely used to realize a prescaler for PLL. A TSPC prescaler must work over a 
wide frequency range to cover the process and temperature variations. The leakage current and current 
mismatch in a charge pump (CP) will degrade the reference spur and jitter significantly [5]. 
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In this reappraisal paper, Focus on 0.5 - 1.8V CMOS VCO with a wide tuning range and low sensitivity 
to PVT variations is presented in the µm - nm process. To alleviate the tradeoff between the tuning range 
and the phase noise in the switched tuning scheme, a multistage voltage-boosting circuit, an adaptive body-
biasing technique is suggested, which helps to relieve the need for the worst case design and increase the 
VCO’s robustness to PVT variations. this paper provides extensive overview that help to prefer effective 
VCO in design of robust PLL and improve its performance. This paper is organized as follows. Pertained 
work on LC-VCO phase noise and tunning range in section II. Comparison in Distinct Technology And 
Measurement are shown in Section III,  Proposed work in IV, which are followed by conclusions in Section 
V.  

 

II. LC-TANK VCO PHASE NOISE AND TUNNING RANGE 
 
VCOs are key components in frequency synthesizers or PLL for RF wireless applications. Differential 

approaches are typically required because these frequency sources are used to pump Gilbert-cell-type 
mixers. A standard approach for differential VCOs is the use of cross-coupled transistors to generate a 
negative resistance. The negative resistance generated by the cross-coupled pair should be sufficient to 
overcome the equivalent parallel resistance of the VCO tank circuit to generate the desired oscillation. 
These VCO circuits are known as –Gm  LC-tank VCOs. In CMOS technologies, both cross-coupled nMOS 
and cross-coupled pMOS versions are accomplishable in both Accumulation/Inversion mode MOS 
Varactor [7]. 

 
Fig.2.  Simple LC-CMOS complementary –Gm oscillator. 

 
 
Kao et al. present a theoretical analysis on low phase noise of voltage controlled oscillators (VCOs) 

based on complementary cross-coupled LC VCO by 0.35- µm complementary metal oxide semiconductor 
technology is demonstrated. From the procedure of optimization steps, the excess noise factor of the 
amplifier coming from the active device has been determined. The proposed VCO operates at 2 GHz with 
phase noise of 116 dBc/Hz  at offset frequency 600 kHz. The power consumption is 22.62mWunder 3 V 
bias with 9.1% frequency tuning. The achievement of low phase noise is also matched with prediction by 
formula in the frequency domain. Here the phase noise is given by Leeson’s equation [10]  
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……….(1) 

 

……………..(2) 

 
in which  is the offset frequency,  is the carrier frequency, is a noise factor modelling the noise 
contribution of active core,  is Boltzmann’s constant, T  is absolute temperature, Q is the tank’s quality 
factor, is the voltage swing and  is an equivalent resistor modelling the loss of LC tank.  
For optimal phase noise performance, an LC oscillator is usually biased at the boundary of current-limited 
and voltage-limited regions, where the  voltage swing reaches an upper limit set by supply voltage [8]. In 
this case, the DC current is linearly proportional to so that the LC tank’s voltage swing saturates at the 
upper limit. Improving the phase noise is to maximize the quality factor of the tank circuit, basically the 
inductor. On the layout optimization of the planar inductor, Some general guidelines are adopted to 
construct a width-varying spiral inductor [14] and measured inductance and quality factor Q between 
constant width and optimum width under the same constant inductance, here drastically Q factor is 
improved and phase noise also. There are a number of options available to RF designers for the realization 
of varactor tuning elements in silicon CMOS technology. First, there are standard pn-junction varactors; in 
an n-well CMOS process the p /n-well junction is the most suitable for varactor implementation. A number 
of recent monolithic CMOS LC oscillators designs have used such diodes as tank circuit tuning elements 
[2]. A p+/n - well structure can typically have a quality factor of 20 or better. One disadvantage of junction 
varactors is that they can become forward biased by large-amplitude voltage swings. MOS gate capacitors 
can be used to implement varactors. The capacitance of a MOS device varies nonlinearly as the dc gate bias 
of the MOSFET is varied through accumulation, depletion, and inversion. By making appropriate 
connections with the terminals of the MOSFET, the tuning characteristics of its capacitance can be 
changed.  
 
A. MOS Varactors 

 
Different variations on the basic MOS structure have been explored in order to realize varactors with the 
highest possible quality factor. Andreani and Mattisson presented a thorough discussion of these different 
MOS varactors for RF VCOs in [2]. Fig.3 shows each of these structures. 

                                    

 
Fig.3. Different MOS varactor (a) Diode varactor, (b) PMOS varactor, (c) I-MOS varactor, (d) A-MOS varactor 

 
1) Diode varactor : The reverse-biased diode, which is usually made of p-diffusion in n-well can be 

used as a varactor. It is a lateral device consisting of p+- n- - n+ diffusion sequence. Since the n-



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 1, January 2014,Pg:104-
114 
 
   

 

Purushottam Kumar         108 
 

well has a high resistivity (at least hundreds of Ω/square), the parasitic resistance introduced by 
the diode varactor is of a big concern. Efforts in optimizing the layout have been made in the 
literature to reduce the parasitic resistance. Also caution should be used to keep the diode varactor 
working in reverse-biased mode in the VCO tuning range and oscillating range. 

 
2) PMOS varactor : The well-known C-V characteristic of MOS transistor can be employed as a 

varactor for LC-VCO. The  gate-to-substrate capacitance of a MOS transistor, Cmos  varies with the 
voltage drop between substrate and gate, VBG .Usually, the C-V characteristic of a MOS transistor 
is for a very small υbg signal superimposed on bias voltage If the LC-VCO, the signal υbg is large 
and the instantaneous value of Cmos changes through the oscillating period, nut the average value 
of Cmos still varies with control voltage VBG . For a p-sub, n-well CMOS process, the MOS 
varactor can be two PMOS sharing the same n-well. The bias of the n-well, which is the substrate 
of the two PMOS transistors, is used as the frequency control node of the VCO. To reduce the 
parasitic resistance of MOS varactor, minimum channel length should be used to minimize the 
channel resistance, and the multi-finger layout is used to reduce the resistance of the poly gate. 
The Q of a MOS varactor is roughly proportional to the reverse of channel length and the typical 
Q value is between 10 and 100. 

 
3) Inversion-mode PMOS varactor (I-MOS) : Since the MOS transistor has a non-monotonic C-V 

characteristic, the VCO with PMOS varactors shows a non-monotonic tuning characteristic. One 
way to obtain a quasi-monotonic tuning characteristic MOS varactor is by ensuring that the 
transistor does not enter the accumulation region for a very wide range of values of VG . This is 
accomplished by connecting the substrate to the highest DC voltage, i.e., VDD . 

 
4) Accumulation-mode PMOS varactor (A-MOS) : A more attractive alternative is the use of the 

PMOS device in the depletion and accumulation regions only to ensure that the formation of the 
strong, moderate, and weak inversion regions is inhibited, which requires the suppression of hole-
injection in the channel. This, in turn, can be accomplished by replacing P+ -diffusion (source and 
drain) with n+- diffusion (same as n-well contacts). It can also be regarded as a NMOS transistor 
made in the n-well.   

 

 
Fig.4. MOS capacitor C–V characteristics curve  

 
The C–V characteristics are normalized to the same maximum capacitance. Each structure shown is 

similar to a pMOS transistor situated in an n-well; pMOS is preferred (in an n-well process) because the 
bulk terminal of an n-well can be biased at a variable voltage. The first structure [Fig. 3(b)] consists of a 
pMOS transistor with the drain, source, and bulk connected together (denoted D=S=B) to form one node of 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 1, January 2014,Pg:104-
114 
 
   

 

Purushottam Kumar         109 
 

the capacitor, and with the poly silicon gate as the other node. This structure has a capacitance that varies 
non monotonically, because the device can operate in inversion, depletion, and accumulation [7]. Fig.4 
shows the dc tuning curve of this structure. The maximum capacitance in both inversion and accumulation 
is approximated by Cox , which can be calculated from the device dimensions assuming a simple parallel 
plate capacitor (i.e. neglecting fringing effects). This curve also represents the capacitance versus voltage if 
a very small signal ,υgs , is superimposed onto the dc bias voltage. 

 

 
Fig.5. Varactor C–V test circuit 

 
 
 
 
To a large extent, the layout geometry of a MOS capacitor determines its Q. The series resistance of an 
inversion-mode pMOS varactor will include the combination of the gate resistance, the contacts to poly 
silicon and diffusion, and the resistance of the inverted channel. An expression for the series resistance of 
an accumulation-mode varactor is developed in [7]. Here this expression was modified slightly ( Rnw,ƨ, the 
n-well sheet resistivity, was replaced by , the inversion-layer sheet resistivity) to reflect its use in an 
inversion-mode device: 
 

    ……….(3) 
 

Where is set equal to the sheet resistance of the channel in the triode region and  N is the number of 
gate fingers.  can be estimated from a dc sweep of the MOSFET in simulation. Equation (3) was used 
as a guideline to ensure that the design led to a reasonable Q. Because  ˃˃  (3) indicates that L 
should be minimized to reduce the series resistance. For this reason, the process minimum channel length 
was utilized (µm - nm). The width of each channel was chosen to be µm - nm, which represents a 
compromise between quality factor, varactor size, and parasitic. the Q of the tank circuit will be dominated 
by the Q of the integrated spiral inductors. Another way of thinking about this is that the I-MOS tank 
capacitance is pulse width modulated by the large signal swing across the dc C–V characteristic; the width 
of the capacitance pulses will become wider (narrower) as the tuning voltage increases (decreases). In this 
development, the choice of time scales does not impact the results;  is ultimately determined by the 
amplitude of the large-signal voltage swing, and is effectively independent of the frequency of this 
waveform. Of course, in an oscillator circuit, the voltage waveform will tune to the frequency determined 
by the tank circuit L and  . This linear zing effect of the large-signal amplitude on the tuning curve is 
one reason why the varactor is a poor choice for a tuning element.  
 
B.  Variable Inductor 
 
On-chip inductors for LC-VCO’s have been widely investigated in the literature [18]. The mostly used 
approach is the spiral inductor made of metal tracks available in the standard digital CMOS process. A 
spiral inductor can be made of single metal layer or multiple metal layers. For single layer implementation, 
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we use the top metal layer, which is furthest from the conductive substrate and is usually the thickest metal 
layer. The large distance to the substrate reduces the magnetic coupling with the conductive substrate. The 
top metal layer has the smallest resistance due to its thickness. These two factors help increase the quality 
(Q) factor of spiral inductors. The multi-layer series spiral inductor is also often used because of its smaller 
chip area compared with the planar spiral inductor. The substrate coupling effect is alleviated with smaller 
chip area. Multi-layer parallel inductor is sometimes used to reduce the series resistance of metal tracks. 
The typical Q of on-chip spiral inductors is less than 5 in standard digital CMOS [14]. Another approach is 
to make use of the inductance of on-chip bond wires [2]. Compared with the spiral inductor, the bond wires 
inductor has superior performances. Its Q is around 30 to 50. The main concern in the use of bond wires as 
tank inductors is that their values are affected by a large spread. The spiral inductor designed is built with 
metal4 tracks or different. As from reference the outside dimension can be 140µm . The metal track width 
and spacing are 8.5µm and  1.5µm respectively. ASITIC is used to simulate the inductance value and 
quality factor. The simulated inductance and quality factor can be 2.02nH and 4.5, from reference 
respectively. The inductor’s quality factor is over estimated because eddy current is not considered. 
Characterization of spiral inductors in a similar CMOS process shows that the actual quality factor is even 
less than half of the simulated value. 

 
Fig.6. On chip  spiral inductor 

 
 
However, for a single band VCO, KVCO is proportional to its oscillating frequency for the same 

frequency tuning percentage. for broadband MMW applications, multi-band VCO is necessary to 
degenerate VCO gain KVCO and alleviate phase noise performance degradation. However, conventional 
capacitor bank for multi-band operation is hardly applicable in the 60-GHz case since the CLoad in the 
capacitor bank is too large to be tolerable. Some magnetic tuning methods have been reported [18] to 
increase the frequency tuning ranges. 

 

                                                     
Fig.6. Variable inductor (a), equivalent circuit model (b) 
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You Lu et al. Proposed a 60-GHz varactor-less VCO and an 18 bit, 40 GHz DCO in FEB 2013 for multi-
band operations employing a novel variable inductor (VID)[18]. Based on magnetic tuning scheme, they 
achieve multi-band as well as broad-band operations without sacrificing their oscillation frequencies. 
Measurement results show that the VCO’s output frequency ranges from 52.2 GHz to 61.3 GHz. The 
corresponding tuning percentage is 16.07%. It manifests strong potential to be applied in the 60-GHz band 
UWB system. Also, the VCO is capable of operating under a supply voltage as low as 0.7 V, which is 
suitable for nano-meter CMOS technology. On the other hand, the measured output frequency of the 40 
GHz DCO is distributed from 37.6 GHz to 43.4 GHz, corresponding to 14% tuning range. It can be applied 
in a dual-IF receiver for 60 GHz UWB system. 

 

III.  COMPARISON IN DISTINCT TECHNOLOGY AND MEASUREMENT RESULT 
 

Today’s VLSI Technology is growing fast, it’s moved from Micro-meter to Nanometer and continuously 
rising. In chip designing and fabrication different software tools are playing an important role to analyze 
the behavioral and performance changes. To predict the performance of fabricated VCO, the parasitic 
extraction of the layout has been performed by using full-wave electronic-magnetic (EM) simulation tools, 
Sonnet (Sonnet Software Inc., North Syracuse, NY) and HFSS (Ansys Inc., Canonsburg, PA). As for 
characterizing the VCO performance, the widely used figure of merit (FOM) and figure of merit including 
the tuning range (FOMT) by following  

 

…….. (4) 
 

……. (5) 
 

where £(∆f) is the VCO phase noise, ∆f is the offset frequency, fo is the carrier frequency, and PDC is the 
dc power consumption. 

 
Table I 

PERFORMANCE BENCHMARK 
 

Referance        [13]        [19]        [3]       [16]       [17] 

Technology (nm) 130 BiCMOS  45 CMOS 32 SOI 90 CMOS 65 CMOS 

Frequency range GHz) 16.0  – 18.8 21.7 – 27.9 21.8 – 27.5 39.1 – 41.6 17.5 – 20.9 

PN @  10MHz (dBc/Hz) ˗123.9 -121.0 -127.3 -112.0 -126.0 

VCO Tuning range(%) 16.5 25 17.7 6.2 17.7 

VCO FOMT 182.8 185.9 188.6 ------ ------ 

Power consumption (mW) 144 40 36 64 80 

 
 

IV.  PROPOSED WORK 
 

There are several ways to extend the tuning range such as LC tank optimization and a switched tuning 
scheme, they are not appropriate for low-voltage VCOs. For example, reducing the inductance and 
increasing the varactor of an LC tank can increase the tuning range. However, this technique brings about 
low impedance, which, in tern, leads to difficult startup conditions and high power consumption. Another 
way to extend the tuning range is to employ a switched tuning scheme [2]. However, with a low supply 
near threshold voltage, using this scheme becomes unfeasible because the turn-on resistance of the switches 
is increased due to reduced VGS . To reduce the turn-on resistance, large transistors must be used, which, in 
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turn, increases the parasitic capacitance, thereby reducing the tuning range. Some problem of a low-voltage 
VCO, which hinders its practical usage, is its high sensitivity to process, voltage, and temperature (PVT) 
variations as caused by the exponential property of CMOS in the sub-threshold region. To guarantee stable 
operation over PVT variations, the VCO is typically designed for the worst case, which leads to high power 
consumption. To reduce the power consumption, a VCO that is immune to PVT variations must be 
designed.  

A Low voltage LC VCO with a wide tuning range and low sensitivity to PVT variations is presented in 
the 90nm process. To alleviate the tradeoff between the tuning range and the phase noise in the switched 
tuning scheme, a multistage voltage-boosting circuit is proposed. 

 

                      
Fig.7. (a) LC VCO with multistage voltage boosting circuit, (b) Single stage voltage boosting circuit 

 
 
In low-voltage VCOs, the minimum supply voltage is determined by the startup constraint, which is 

required to start oscillation. Unfortunately, this startup constraint requires higher supply voltage than what 
is required to maintain oscillation. When PVT variations are considered in addition to the startup constraint, 
the VCO must be over-designed well in excess of its nominal values, leading to high power consumption. 
To minimize the design overhead caused by the startup constraint and PVT variations, an adaptive body-
biasing technique is considered that relaxes the startup constraint and increases the VCO’s immunity to 
PVT variations. The voltage-boosting technique improves the quality factor of the resonator, and hence, 
reduces the minimum supply voltage required to maintain oscillation, It is measured by decreasing the 
supply voltage until the VCO does not oscillate. 

 
V. CONCLUSIONS 

 
In this paper, various technologies and tuning schemes are discussed for design of a low voltage low 

phase noise LC VCO with wide tuning range and immune to Process, Voltage and Temperature (PVT). 
Which is an essential part of Phase Lock Loop . To utilize switched tuning at a low supply voltage, voltage-
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boosting techniques are proposed. When the output voltage of the SSVB circuit cannot fully turn on the 
switches, a multistage voltage-boosting circuit can be used. An body-biasing technique enables the efficient 
operation of the VCO and reduces the effect of PVT variations. Therefore, a robust VCO can be designed 
for reliable operation. The techniques proposed in this paper can be applied to other low voltage analog and 
RF circuits to improve their performance. 
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